The quest to slow aging has come far, and what used to be the domain of science fiction writers and snake oil salesmen may soon become science fact. Innovative new approaches, such as the use of the very short-lived African killifish (Harel et al.) , are bridging the translational gap and bring the promise of healthy longevity to fruition.
Over the past couple of decades, a tremendous amount has been discovered about the biology of aging from studies largely conducted in classic model organisms: budding yeast, nematode worms, fruit flies, and mice. However, by relying almost exclusively on a single vertebrate model and by focusing on animals maintained under laboratory conditions, we are left with a relatively poor understanding of the extent to which these models translate to other animals and environments and eventually to humans. This has led to a growing recognition in the field that innovative new tools and approaches are needed. In the current issue of Cell, Harel et al. (2015) describe just such a new tool: the short-lived African killifish Nothobranchius furzeri. We are now entering a period where new animal models and approaches will allow us to delve deeply into the conserved mechanisms of aging and bridge the final translational gap from laboratory models to people.
In many ways, the African killifish combines some of the best features of the major model systems in one animal. With a 4-6 month lifespan that is still comparable to the well-characterized invertebrate aging models, the African killifish is the shortest-lived vertebrate that can be cultivated in the laboratory easily and relatively inexpensively. This naturally compressed lifespan allows for a unique opportunity to study mortality, physiology, and age-related disease in a vertebrate model with blood, bones, and an adaptive immune system. Nothobranchius exhibits many age-dependent phenotypes and pathologies, including decreased fertility, sarcopenia, cognitive decline, and cancer (Di Cicco et al., 2011; Hartmann et al., 2009; Terzibasi et al., 2009) , and even has telomeres that resemble humans both in length and in progressive decline. Researchers also benefit from the existence of both inbred and wild-caught strains in this species, providing a useful tool for genetic mapping and comparative genomics studies, as well as a short life cycle, large brood size, and ease of drug administration. All of these attributes make this model an ideal candidate for high-throughput in vivo drug screens.
Until now, research on this burgeoning model has been limited by the lack of a sequenced genome and genetic tools to manipulate gene function and expression. Harel et al. (2015) utilized de novo genome assembly to produce a fully sequenced and annotated genome and CRISPR/ Cas9 technology to generate mutant alleles for 13 different genes associated with aging. As proof of principle, they focus on the protein subunit of telomerase (TERT) as a model of telomere attrition. By targeting the catalytic domain of TERT, the authors were able to create a TERT loss-of-function mutant that results in shortened telomeres, reduced fertility, and deficiencies in other proliferative tissues such as blood and intestine. In doing this, the authors achieve in 2 months what takes several generations in mice (Rudolph et al., 1999) and 6-8 months in zebrafish (Anchelin et al., 2013) , generating the fastest vertebrate model of telomere shortening and firmly establishing the killifish as a promising and tractable platform to investigate vertebrate aging. As Figure 1 shows, the African killifish fills an important evolutionary gap in aging models between mammal models, which diverged from humans 40-90 million years ago, and the invertebrate models that diverged 900 million years ago or more. Comparative biological approaches that incorporate exceptionally long-lived models such as the naked mole rat and some species of clams 
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Approximate average lifespan shown for each organism. The African killifish (Harel et al., 2015) has an average lifespan comparable to invertebrate models while being much more closely related to people. Ancestors of humans and killifish diverged approximately 400 million years ago (red line). Thus, Nothobranchius fills a gap (gray box) between the mammalian models that are separated from humans by 100 million years and invertebrate models, which diverged 900 million years ago. The asterisk (*) denotes the shared environment between humans and dogs.
will also undoubtedly play an important role in further contributing to progress in this area. At the same time, two other species are now emerging that we believe may prove crucial to bridging the translational gap to humans. The first of these is the common marmoset, Callithrix jacchus. In addition to being a short-lived anthropoid primate, with an average lifespan of about a decade, marmosets suffer from many of the same age-related diseases and declines in function across a variety of tissue and organ systems as people do (Tardif et al., 2011) . Marmosets are also becoming more commonly studied in the lab, with a growing set of genomic and transgenic tools available. Research on aging in marmosets is continuing at several primate research centers and should teach us much about the roles of genetic and environmental variation in natural aging processes in primates.
The other animal we believe has the potential to be a ''game changer'' in aging research is the domestic dog, Canis lupus familiaris. Although dogs are as evolutionarily distant from humans as mice are, they share our environment in a way that can't be replicated in the lab. Moreover, the extensive level of pre-existing veterinary knowledge and quality of health care in dogs, including geriatric ones, is second only to that of humans. Recent studies have described the dramatic differences among breeds in life expectancy, patterns of age-specific mortality, and causes of death (Fleming et al., 2011; Waters, 2011) . Aside from the important insights that dogs can provide into human aging, promoting healthier longevity in companion animals has intrinsic value for the millions of people who own them. These features, combined with their genetic and phenotypic diversity, well-characterized breed structure, and (unfortunately!) short lifespans, make companion dogs a compelling choice for both longitudinal and interventional studies of aging.
Traditional laboratory models have led to large advances in our understanding of the basic mechanisms of aging. Despite this progress, the extent to which these mechanisms affect human aging and age-related disease has yet to be determined. Further, the complex effects of environmental and genetic variation make for a large leap from genetically identical organisms in tightly controlled laboratory conditions to genetically diverse humans exposed to many different environments. Studies in nontraditional animal models of aging may hold the key to filling this gap. The addition of the African killifish as a new aging model, as well as the extension of studies to primates that are more closely related to humans and to canines that share our environment and model phenotypic diversity, holds promise in the ongoing quest to combat aging and age-related diseases.
